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Abstract 
The research examines the usability of gender factor which is important in educational softwares. Math educational 
software is used in the research and software's level is primary education. Used method in the research is case study with eye-
tracking and video record. Eye- tracking technology, screen captures, mouse and keyboard movies and one-way mirror 
observation used in the research. While students doing their task the application area, students behaviors  have been recorded 
by camera.  Study group is consist of six primary education's student. This student's eye movements to be examined while 
they used the software. The areas are defined where the students looked the longest and the most frequent in the educational 
software’s interface. Heatmap, scanpath and fixation count analyzes are used in the research. Usability researches which used 
eye-tracking method are limited in Turkey. This research will contribute the literature for developing primary educational 
softwares. Findings to be discussed and overtured for the educational softwares. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of The Association of Science, Education and Technology-TASET, Sakarya 
Universitesi, Turkey. 
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1. Introduction 
Features such as “configurability to facilitate learning” and “quality of software” provide usability (user-
friendliness) to educational software. Usability in this context can be defined as easy and effective performance 
of tasks specified in an application by users defined as target group, under suitable environmental conditions, 
following provision of required training and technical support. In practice, usability can be defined in terms of 
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measurement of efficiency, effectiveness and satisfaction levels shown by users in the target group, while 
performing the tasks assigned. Effectiveness reflects the extent of success achieved by users in performing tasks 
using the application, and in this sense, effectiveness can be measured as the percentage of ability to perform a 
task. For instance, if the task expected involves finding the location of specific information on a webpage, 
effectiveness can be expressed in terms of user’s success achieved in finding the correct information. 
Measurement of effectiveness is not alone sufficient to evaluate usability. Other sources (time, cost, etc.) used for 
performing a specified task are evaluated by measuring the efficiency. In the webpage example, efficiency can be 
measured by the time spent or by the ways followed by a user to perform a given task, or by the total number of 
steps taken to complete the task, etc. Satisfaction is the measure of opinions developed by users while using the 
application (e.g. likes, dislikes, etc.). Satisfaction does not have a critical importance with respect to usability at 
the same level as the efficiency and effectiveness; it is directly affected by efficiency and effectiveness. 
Satisfaction can be measured using satisfaction questionnaires prepared for this purpose(Ça Õltay and Others, 
2006).   
According to Nielsen (1993) usability has five attributes:  
Learnability: How easy is it for users to perform simple tasks at their first sight of the design?  
Efficiency: Once they learn the design, how fast do users perform the tasks?  
Memorability: After some time away from the design, how easily do users use it once they return to it?  
Errors: How many mistakes do users make and how easy is it for them to recover from mistakes?  
Satisfaction: How much does the design satisfy users?  
Methods of measuring usability as seen in the literature include Think Aloud, Cooprative Evaluation, 
Protocol Analysis, Automated Analysis, Interviews, Questionnaires, Eye-tracking, and Psychological 
measurement. 
Eye-tracking method stands out in that data are obtained from the primary source. Like the example of 
recording movements of eyes during reading, the eye-tracking method has been used in the field of psychology 
for approximately 100 years(Schiessl  and Others, 2003). This method has been utilized in usability researches 
conducted on information sharing interfaces such as the Internet, e-mail and video-conference, etc. since the 
1990s in the field of human-computer interaction(Benel , Ottens & Horst, 1991; Ellis ve di erleri, 1998; 
Cowen,2001). Objective and quantitative data related to how long users look at the target can be obtained 
utilizing special state-of-the-art devices designed to track the movements of the eyes(Duchowski, 2002). 
Movements of the eyes provide information as to where individuals focus their attention, what information they 
disregard, what they are disturbed by the most, etc(Russell, 2005). When the usability studies conducted using 
eye-tracking method in the literature are examined, one can see many usability studies conducted in many fields 
such as webpage use, evaluation of the university websites, computer games, and TV programs, etc(Ça Õltay and 
Others, 2006; Byerly, 2007; Russell, 2005). However, there are no studies conducted on usability of educational 
software, utilizing the eye-tracking method. This study aims to assess usability of Primary Education seventh-
grade mathematics course software based on the gender factor, using the eye-tracking method, and to contribute 
to the literature in this context. 
Within the scope of this study, usability of primary education seventh-grade mathematics course software was 
evaluated based on the gender factor. Answers to the following questions were sought:  
1. “Do the scanpaths involve differences, when the gender factor is considered in educational software?” 
2. “Do the heatmaps involve differences, when the gender factor is considered in educational software?” 
3. “Do the fixation counts involve differences, when the gender factor is considered in educational software?” 
4. “Do behaviours  involve differences, when the gender factor is considered in educational software?” 
 
2. Method 
 
Case study was used as the research model in this study. Qualitative and quantitative data collection methods 
were used concurrently. Quantitative data obtained from eye-tracking processes were used together with the 
empirical qualitative data. Movements of the eyes of the subjects were recorded during performance of two tasks 
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assigned. After recording the subjects’ experiences with the educational software, the eye movements of the 
subjects were analyzed using the SMI software, and the findings and results are provided in the study. 
The study group consisted of primary education students. The study covered six primary education students in 
total. Written permissions of the guardians of the students were obtained. All participant students had minimum 
2-year experience in using computers. The study was conducted at the Human-Computer Interaction Laboratory 
(HCI Laboratory) of the Marmara University Ataturk Faculty of Education, Department of Computer and 
Instructional Technologies. The HCI Laboratory is equipped with cameras, eye-tracking devices, test computers, 
observer computers, observer room, control unit, microphones and amplifier, sound mixer, and sound insulation. 
 
3. Findings 
 
Subjects used within the scope of the study consisted of three male(subject 1-2-3) and three female(subject 4-
5-6)  students. Scanpaths of the subjects were recorded and screenshots were captured within the scope of the 
question “Do the scanpaths involve differences, when the gender factor is considered in educational software?”.  
Tasks assigned to the subjects were to “quit the test” and “quit the software” . Findings relating to the 
scanpaths of the six subjects were as follows.  
 
Figure 1. Subject 4 scanpath figure about  “quit the test”  task and Subject 3 scanpath figure about “quit the software” task 
The following findings were made when the scanpath results for the “quit the test” task were analyzed: 
 The Subject 1 looked at the test button, answer card button, and quit test button respectively.  
 The Subject 2 looked at the answer card button, test button, quit test button, page change buttons, and 
quit test button respectively.  
 The Subject 3 looked only at the quit test button.  
 The Subject 4 looked at the question field, company logo, quit test button, page change buttons, and 
question field respectively.  
 The Subject 5 looked at the answer card button, quit test button, and answer buttons.  
 The Subject 6 looked at page change button, quit test button, answer card button, company logo, page 
change buttons, answer choices, question field, and help button respectively.  
The following findings were made when the scanpath results for the “quit the software” task were analyzed:  
 Subject 1, Subject 3 and Subject 4 looked only at the quit software button.  
 Subject 2 looked at the subject - test buttons, and the quit software button respectively.  
 Subject 5 and Subject 6 looked at the answer choices and the quit software button.   
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Heatmaps of the subjects were recorded and screenshots were captured within the scope of the question “Do 
the heatmaps involve differences, when the gender factor is considered in educational software?”.  
Tasks assigned to subjects were to “quit the test” and  “quit the software”. Findings relating to the heatmaps 
of the six subjects were as follows 
 
Figure 2. Subject 6 heatmap figure  about “quit the test” task and Subject 3 heatmap figure about "quit the software" task 
 
The following findings were made when the heatmaps results for the “quit the test” task were analyzed:  
 Heatmaps of the Subject 1 concentrated on the test button, answer card button and quit test button.  
 Heatmaps of the Subject 2 concentrated on the answer card button, test button, quit test button, and page 
change buttons.  
 Heatmaps of the Subject 3 concentrated only on the quit test button;  
 Heatmaps of the Subject 4 concentrated on the question field, company logo, quit test button, page 
change buttons and question field.  
 Heatmaps of the Subject 5 concentrated on the answer card button, quit test button and answer buttons.  
 Heatmaps of the Subject 6 concentrated on the page change buttons, quit test button, answer card button, 
company logo, page change buttons, answer choices, question field, and help button.  
When the heatmap findings relating to the “quit the software” task were analyzed, it was seen that the 
heatmaps of the Subject 1, Subject 3 and Subject 4 concentrated only on the “quit software” button; heatmaps of 
the Subject 2 concentrated on subject-test buttons and exit software button, and the heatmaps of the Subject 5 and 
Subject 6 concentrated on answer choices and exit software button.  
Fixation counts of the subjects were recorded and screenshots were captured within the scope of the question 
“Do the fixation counts involve differences, when the gender factor is considered in educational software?”.   
Tasks assigned to the subjects were to “quit the test” and  “quit the software”. Findings relating to the fixation 
counts of the six subjects were as follows.  
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Figure 3. Subject 4 fixation count figure about “quit the test” task  and subject 1 fixation count  figure about "quit the software" task 
 
  The following findings were made when the fixation count results for the “quit the test” task were analyzed:  
 The Subject 1 focused on the test button, page change buttons, and the answer card button the most.  
 The Subject 2 focused on the quit test button, answer card button, page change buttons, test button and 
answer choices the most.  
 The Subject 3 focused on the quit test button, answer buttons, answer card, and answer choices the most.  
 The Subject 4 focused on the question field, quit test button, page change buttons, company logo and 
answer choices the most.  
 The Subject 5 focused on the answer buttons, answer choices, and answer card buttons the most.  
 The Subject 6 focused on the page change buttons, quit test button, answer buttons, answer choices and 
the question field the most    
The following findings were made when the fixation count results for the “quit the software” task were 
analyzed: The Subject 2 focused on the question field, subject button, answer choices, answer buttons and the 
quit button the most; the Subject 3 focused on the question field and the quit button the most; and the Subject 6 
focused on the question field the most. The Subjects 4 and 5 focused on the empty spaces of the page during the 
task.  
      Videos of the subjects were recorded and grafics were demostrated within the scope of the question “Do 
behaviors  show differences, when the gender factor is considered in educational software?”.
 
Timeline Area 
Timeline of  Speaking Color  
Timeline of  Silence Color (pink) 
Timeline of  Positive Mimic Color  
Timeline of  Negative Mimic Color  
Timeline of  Neutral Mimic Color (orange) 
Timeline of  Inactive Color (green) 
Timeline of Active Color  
                Figure 4: Graphic of  Subject 3's behaviors and mimics  about “quit the test” task  and "quit the software" task  
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Subject 3 was doing task silence, neutral mimic and inactive. These findings were similar to eye tracking 
findings. 
. 
 
Timeline Area 
 
Timeline of Speaking Color  
Timeline of  Silence Color (pink) 
 
Timeline of  Positive Mimic Color 
Timeline of  Negative Mimic Color (green) 
Timeline of  Neutral Mimic Color (orange) 
Timeline of  Inactive Color (green) 
Timeline of  Active Color (blue) 
        Figure 5: Graphic of  Subject 6's behaviors and mimics  about “quit the test” task  and "quit the software" task 
During the task, subject 6 was silent in general; however, she sometimes spoke. She displayed neutral mimic and 
the body was inactive. These findings were similar to eye tracking findings.  
Based on the findings obtained from the eye-tracking method, it was seen that the female subjects’ fixation 
spread over a larger area and that they focused in more details compared to the male subjects. Distribution of the 
fixation and fixation counts relating to the “quit the test” task, and the heatmap findings relating to the “quit the 
software” task support the interpretation that fixation of females spread over a larger area and in more details 
compared to males. 
Conclusion   
Based on the fixation count, scanpath and heatmap findings of this study, it can be said that females have 
higher scanpath performance and that their fixation counts spread over a larger area on the page. This finding is 
similar to the findings of the study conducted by Schiessl et al (2003).  
The study revealed that similar symbols used for similar tasks caused confusion. It was noticed from the eye-
tracking findings that the subjects tended towards the quit test button that was similar to the quit software button, 
when they were asked to quit the software on the test screen. Likewise, the subjects tended towards the top right 
section of the screen, which they considered to be the location of the quit button, when they were asked to quit 
the software on the test screen. It was seen that past experiences and habits with respect to the design of the 
educational software influenced behaviors of the subjects. Sennersten (2004) included in his findings the opinion 
that pre-knowledge and experiences influenced behaviors of his subjects.  
Recommendations for development and design of educational software:  
 Interfaces can be designed based on the differences in eye-tracking results of different genders. Thus, a 
different interface can be offered to users according to their gender. This would enable development of 
more personalized and user-friendly software serving the purpose. 
Recommendations to researchers:  
 Educational software can be designed based on distribution of fixation between genders. Such software 
can be studied in terms of usability using the eye-tracking method.  
 In educational software or other interactive media environments, fixation times, fixation counts and 
fixation orders on a number of other objects (graphics, text, animation) can be studied in other 
dimensions such as age groups, gender, etc.  
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